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LOW INCOME SYSTEM KEY ASSEMBLY
By
Darin V. L lska  *
The most e f f e c t i v e  means o f  urban renewal f o r  peop le  w ith  low 
Income c o n s is t s  In the developm ent o f  new communities In c lo s e  
p rox im ity  o f  large  c i t i e s  in  r e la t io n  w ith  modem mass tran spor­
ta t io n  p r e fe ra b ly  suspended. The id e a l image o f  a new community 
i s  b est r e a l is e d  by a p ro g re s s iv e  approach in s o lv in g  s o c io lo g i c a l  
and econ om ica l problem s w ith ou t r e s t r i c t i o n  o f  s a t is fa c t o r y  urban 
p erform an ce. The new developm ent should com prise a com plex cen ter  
w ith  r a i lr o a d  terminus and around qu iet housing s e c t io n  w ith large  
a rea s  o f  green . Supposed 90,000 peop le  would accom plish  a com for­
ta b le  l i f e  in  a new development u n it ,  about one hundred houses o f  
con v en ien t volume would be n ecessary  fo r  d w ellin g  purpose a lon e.
F or b u ild in g s  w ith d i f f e r e n t  assignm ent one s t ru ctu ra l system cou ld  
be used to  reduce the c o s t  o f  c o n s tr u c tio n  as w e ll as to  speed 
the developm ent.
A new s tru ctu ra l system  c a l le d  "Low Income System Key Assembly” 
i s  proposed  and p ro te c te d  by a p a ten t pending a p p lic a t io n  to  su c- 
c e s f u l l y  meet requirem ents fo r  a huge housing program, matching 
a g iven  schedule fo r  time and economy. The proposed system d i s r e ­
gards t r a d it io n a l  tra n sv ersa l b ea r in g  w a lls  and a s c r ib e s  the bearin g  
fu n c t io n  to  p eriph ery  w a lls  o f f e r in g  com plete freedom fo r  any 
layou t o f  in t e r io r  space . The ov er  a l l  dim ensions o f  the b u ild in g  
are in  accordan ce  with requirem en ts o f  the b u ild in g  code fo r  
d w e llin g  purposes as govern ing o b je c t iv e  however the in t e r io r  may 
be used f o r  s c h o o ls , o f f i c e s ,  department s to r e s , h a l ls  f o r  en ter ­
tainm ent, o r  o th er  f a c i l i t i e s  as w e ll .
R e fe rr in g  to  d w ellin g  la y o u t , the c o r r id o r  system w ith apartments 
on both s id e s  eq u a lly  exposed to  sunshine rep resen ts  a good l iv in g  
standard and can be developed  p rop er ly  w ith in  6 0 1- 0 11 span. The 
optim a l length  comes ou t from two sidew ing d w ellin g  s e c t io n s  w ith 
a lobby between where e le c a t o r s ,  s ta ir s  and oth er  f a c i l i t i e s  are 
s itu a te d .  S ecu rity  measures l im it  one dw ellin g  se c t io n  to  1 2 0 '- 0 ' '  
and ch oos in g  the lobby 6 0 ' - 0 ' '  wide the b u ild in g  may extend up to 
3 0 0 '- 0 ' '  a l l  main dim ensions thus bein g  a m u ltip le  o f  e s ta b lish e d  
module l 2 ' - 0 ' '  which is  proper dim ension fo r  a h a b ita b le  room.
The h e ig h t o f  the b u ild in g  has c e r ta in  p r a c t ic a l  and econom ical 
fe a tu r e s . The sixteen  s to ry  s tru ctu re  can be b u i l t  w ith moderate 
d im ensions o f  s tru ctu a l elem ents using on ly  medium equipment fo r  
e r e c t io n ,  but the system can be a p p lied  fo r  b u ild in g s  w ith twenty 
fou r  s t o r ie s ,  or  h ig h er . E valu ating the o u t lin e s  space fo r  a dw el­
l in g  house a t y p ic a l  f lo o r  has a c le a r  usable area 14,600 s f  and 
the e n t ir e  s ix te e n  s to ry  b u ild in g  o f f e r s  232,000 s f  id iich  can 
e a s i ly  accom odate as many as 900 p e o p le . See Tab I I I  fo r  a r c h ite c ­
tu ra l and s t ru ctu ra l la y ou t.
The main fea tu res  o f  the proposed s tru ctu re  is  an a s s e ^ ly  o f  
p er ip h ery  w all panels and in teg ra ted  twin o f  f l o o r  pan els  p o s t-  
ten s ion ed  a f t e r  e r e c t io n ,  and p fcw -bolt con n ection  perm itting 
la rge  to le ra n ce  during e r e c t io n  and f in a l l y  deve lop in g  high f r i c ­
t io n  shear r e s is ta n c e .  The t y p ic a l  aasembly la  a p p lied  in  both 
s idew in gs whereas the lobby s e c t io n  i s  grouped by smans o f  stan ­
dard elem ents and box sh a ft numbers f o r  s ta ir s  and e le v a to r s .
Assem bly pan els  are 1 2 ' - 0 "  w ide to  match the a »d u le .
The standard w a ll panel a p p lic a b le  in  both fr o n ta l and tra n s­
v e r s a l w a lls  extends over fou r  f lo o r s  and on ground le v e l  and 
underneath the r o o f  i s  a lte rn a te ly  fo llow ed  by a two s to ry  high 
panel to  a cq u ire  a sta g g er in g  h o r iz o n ta l jo in t  f o r  e r e c t io n  w ithout 
tem porary b ra c in g  and fo r  b e t t e r  r ig id i t y  o f  w a lls .  The w all panel 
is  deve lop ed  es  a chanel with contin uous web columns and slab 
s t i f f e n e d  by tra n sv ersa l r ib s  fo r  h lnch  supported f lo o r  pan esl.
The columns have con stan t s e c t io n  through s ix te e n  s t o r ie s  bein g
♦Stone and W ebster, E n gr. C o rp o ra tio n , New York
u n in terru pted  by f lo o r  s tru ctu re  and a x ia l ly  loaded on ly . S upporting 
r ib s  o f  w a ll are ( in f le x ib le  v e r t i c a l l y  and do not in trod u ce  any moment 
in  columns. The bearing  ca p a c ity  o f  columns is  c o n t r o lle d  by r e in -  
forcem ent bein g  increased  grad u a lly  downward. On the top and bottom  
o f  colusm s and on the top  o f  fou n dation  w all there are r ig id  s t e e l  
p la te s  t o  trftich the re in forcem en t is  w elded . The p la te s  have h o le -  
p in  con n ection  in  v e r t ic a l  a x is  fo r  a ccu rate  p la c in g  o f  p a n e ls .
A fte r  l in in g  up and a f t e r  app ly in g  dry p ip e -b o lt  con n ection  in 
v e r t ic a l  j o in t s ,  the p la te s  are welded on in sid e  periph ery  and 
high  s tren th  m ortar is  pushed in to  the jo in t  by means in je c t io n  
p ip e . The b ea r in g  ca p a c ity  o f  f i l l e d  j o in t  corresponds to  that 
o f  columns. The w all panel has openings fo r  windows and d oors .
D eta il o f  the a l l  panel i s  on Tab. I .
The f lo o r  panel i s  an in tegra ted  twin o f  two unequal p a n e ls , one 
bein g  developed  as two modules in  len g th , the o th er  as three 
modules channel with the m iddle jo in t  provided by p ip e -b o lt  
con n ection  and p ostten sion ed  by la te r a l  d e f le c t io n  o f  exposed 
tendons o r  s t r e s s t e e l  b a rs . The sh orter  panel may be extended 
by c a n t ile v e re d  balcony s la b . The c r o s s  se c t io n  o f  the f lo o r  panel 
has a shape o f  two I-beams w ith top s la b  in between, and tran s­
v e rsa l r ib s  matching module patern . The webs are o f f s e t  from the 
j o i n t ,  h e lp in g  to  develop  overhanging flan ges a t  both top and 
bottom . Bottom flan ges perm it the in trod u ction  o f  f in a l  p r e s tr e ­
ss in g  fo r c e  a t  time o f  e r e c t io n  when on ly  dead loa d  o f  twin is  
a v a i la b le .  Both panels o f  the twin are sep a ra te ly  and f u l ly  
p re s tre sse d  by unbonded tendons in  the range o f  f i r s t  module.
The pan els  o f  the twin are p la ced  one by one on r ib s  o f  the w all 
panel and temporary supported underneath the m iddle j o in t .  The 
o p t io n a l ba lcon y  exten sion  o f  sh orter  panel is  pushed through 
the opening in  the w a ll during e r e c t io n .  Webs o f  in tegrated  
twins are connected to  r ib s  o f  the w a ll panel by p ip e -b o lt  
con n ection . Subsequently tendons or s t r e s s te e l  bars are a ttach ed  
along the webs fo llo w in g  the bottom s o f  tran sversa l r ib s ,  and 
coupled  to  a lrea d y  p re s tre sse d  bars on the face  o f  f i r s t  in te r -  
m edlate r ib .  Couplers on the op p o s ite  s ide  work d i f f e r e n t ly ;  
one b e in g  a b le  to  turn on, the other w ith d ivergeant thread 
Introduces a a lig h t  ten sion  in to  the p re s tre ss in g  s t e e l .  The bars  
are then la t e r a l ly  con tra cted  in the cen ter span by means o f  a 
d lv e r s a lly  threaded rod  and powered impact to  the extend when 
washers on an ch orp la tes  c lo s e  to  cou p lers  become rev ea led .
In th at moment the f u l l  p re s tre ss in g  fo rce  is  Introduced in to  
the s e c t io n .  The la te r a l  fo r c e  a p p lied  is  about 151 o f  i t s  
tsorklng f o r c e .  With re sp e ct  t o  th is  fa c t  and keeping the c o n cre te  
s e c t io n  under s l ig h t ly  tra p ezo id a l com pression there is  the 
easy p o s s i b i l i t y  to  a d ju st  any time la te r  the p re s tre ss in g  
fo r c e  and thereby to  c o n tr o l  and d e f le c t io n  w ithout touching 
the lod g in g  a re a , because the turning p oin t o f  tendons i s  s itu a te d  
in the cen ter  o f  the c o r r id o r ,  and the coa tin g  o f  the c e l l in g  
can be e a s i ly  removed. Regarding f ir e p r o o f in g  o f  the c e i l i n g ,  
a d d it io n a l ly ,  s p e c ia l  c o a t in g  may be ap p lied  by means o f, suspended 
f i r e  c la y  s to n e s . -
The in teg ra ted  twin is  s e n s it iv e  fo r  d e f le c t i o n ,  and some 
precau tion  has to  be taken to  ensure proper beh a vior  o f  f lo o r  
s tru c tu re . Unequal length  o f  f lo o r  pan els o f f e r s  staggerin g  m iddle 
j o in t  fo r  s t i f f e n in g  o f  borken webs, thus em ploying ad jacen t tw ins 
to  cou n ter l o c a l  e x ce ss iv e  d e f le c t i o n .  T ran sversal r ib s  are welded 
in j o i n t  on the top and bottom  and work as a subordinate b ea r in g  
system  with support on columns o f  tra n sv ersa l w a lls .  The columns 
o f  tra n sv e rsa l w a lls  have an angle sea t  underneath the r ib  o f  the 
twin p ro v id in g  welded shear con n ection  w ithout In trodu cin g  any 
mement in to  the columns or r i b s ,  and thereby t o t a l l y  e lim in a te  
any d e f le c t i o n  o f  the web a lon g  the tra n sv ersa l w a ll.
P ip e -b o lt  con n ection  used in  the asseafcly i s  a new con n e ctio n
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p erm ittin g  g rea ter  to le ra n ce  f o r  e r e c t io n  during l ln g ln g  up o f  
elem en ts and d eve lop s  stron g  f r i c t i o n  shear r e s is ta n c e  In the 
j o i n t .  The con n ectin g  b o l t  I s  pushed through the pipe o f  la rg e r  
diam eter embeded in  co n cre te  and probeded w ith an outward bent 
in je c t i o n  tu be. The p ip e  is  c lo s e d  on ou ts id e  end by a washer 
and the area o f  the j o i n t  i s  sea led  by e l a s t i c  rope on p er ip h ery . 
A d ja cen t su rfa ces  o f  j o i n t  are grooved . High stren gth  cement 
m ortar or epoxy r e s in  In je c te d  in to  p ip e  pen etra tes  in to  the j o i n t ,  
r i g i d .  See Tab I I  f o r  d e t a i l  o f  f l o o r  pan el.
The s t a b i l i t y  o f  the s tru ctu re  i s  e s ta b lis h e d  by r i g i d i t y  o f  
w a lls ,  f lo o r s  and shear r e s is t in g  j o i n t s .  The over a l l  s t a b i l i t y  Is 
c r i t i c a l  in tra n sv e rsa l w a lls  when the s tru ctu re  Is su b je cted  
to wind and earthquake f o r c e s .  The o v ertu rn in g  moment d evelops  
shear in v e r t ic a l  j o i n t s  which are a lrea d y  taken care o f  and 
te n s io n  or com pression  on the edges o f  tra n sv ersa l w a lls .
The columns provide ample ca p a c ity  f o r  com pression , but h o r iz o n ta l 
j o in t s  are n ot stron g  enough to  r e s i s t  the te n s io n . T h ere fo re , In te r ­
s e c t io n  columns are p o tte n s lo n e d ; g ra d u a lly  a lon g  as e r e c t io n  
is  p ro g re s s in g , thus redu cin g  e x ce s s iv e  shear be in g  in trod u ced  
in to  fro n ta l w a lls .
The foundation  o f  the s tru ctu re  c o n s is t s  o f  continuous founda­
t io n  w a lls  s i t t i n g  on ca n t ile v e r e d  foundation  s la b s  prov ided  f o r  
f r o n ta l  and tra n sv e rsa l w a lls .  The depth o f  the w a lls  is  a fu n ctio n  
o f  modulus o f  fou n d a tion , r i g i d i t y  o f  the foundation  w a ll and o f  
s im u ltan eou sly  in crea sed  w eight and s t i f f n e s s  o f  assem blied w a ll .
For the e r e c t io n  o f  s ix te e n  s to r y  s tru ctu re  at le a s t  two cranes 
op era tin g  from o u ts id e  are n ecessary  t o  assem ble the e lem en ts.
Both sidew ings can be e re c te d  sim u ltaneou sly  by using four c ra n es .
The lobby s e c t io n  i s  grouped as a l a s t  one. The cranes used must 
be a b le  to l i f t  the hook 1 8 0 '- 0 ' '  above the ground and operate  20 T 
on c a n t i le v e r  lO '-O 1' .  The e r e c t io n  begins w ith  a l l  two 
s t o r y  high columns p ostten s ion ed  to  fou n d ation  w a ll .  The fo re g o in g
are the o n ly  elem ents to  be tem poraryly braced . Staggered w a ll 
p a n e ls  are e r e c te d  p ro ce e d in g  from f ix e d  columns and a f t e r  the 
p er ip h ery  i s  c lo s e d  twins o f  f lo o r  pan els  are p la ced  in  the e n t ir e  
area  o f  sidew ings u sin g  s in g le  te le s c o p in g  temporary supports 
underneath webs in  the m iddle j o i n t .  The f lo o r  i s  then p o s t te n ­
s io n e d . A ft e r  the second f lo o r  i s  e r e c te d  in the same way one 
c y c lu s  o f  assem bly is  'com pleted . The fu rth er  procedure  becomes 
ob v io u s .
M etal windows in  c o n cre te  frames are p laced  w ith  no g rea t  
amount o f  d e la y . No s p e c ia l  a t te n t io n  i s  necessary  a t  th is  p o in t . 
One p a r t ic u la r  advantage should be p o in ted  out con cern in g  the 
c o a t in g  o f  the c e i l i n g .  The f lo o r  panel i s  so p rop ortion ed  as to 
p rov id e  a ccu ra te  space f o r  standard p la sterb oa rd s  in  between 
f la n g e s  o f  the tw in . For p a r t i t io n  on ly  l ig h t  double p la s te r  boards 
are used, w ith  the p r o v is io n  on c e i l i n g  a llow in g  fo r  p o s s ib le  
d i f f e r e n c i a l  d e f le c t i o n  o f  a d ja cen t f l o o r s .  See Tab. IV fo r  
p re lim in a ry  estim ate  o f  c o n cre te  and time fo r  e r e c t io n .
The a n a ly s is  showns one b u ild in g  re q u ir in g  400 hours f o r  
e r e c t io n  when two cran es are used. S e tt in g  up the c o n s tr u c tio n  
schedu le f o r  a coem unity o f  100 houses app rox im ately  three y ea rs , 
a t  le a s t  30 houses should be e re c te d  in  one yea r. With 50 
e f f e c t i v e  weeks in  a year based on 40 w orking hours a week, one 
assem bly group would be a b le  to  accom plish  50x40/400*5 houses 
a y e a r , namely s ix  groups op era tin g  sim u ltan eou sly  apart cou ld  
meet the p rod u ction  requ irem en ts. This volume rep resen ts  
30x8400/50x5*1000 cy  o f  c o n cre te  to  be poured a day or 
1000x27x0.15/2*2000 T o f  p re ca s t  elem ents to  be d e liv e re d  a day 
to  the c o n s tr u c tio n  s i t e .
I t  i s  obv iou s the economy a sp ects  alm ost d ic ta te  the e s t a ­
blish m en t o f  a fa c to r y  f o r  the mass p rod u ction  o f  the p reca st  
s t r u c tu ra l  elem ents in  the cen ter o f  such a p r o je c t  thereby 
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L IS T  OF E L E M E N T S  FOR IS  STO R Y S T R U C TU R E
1 2 3 4 5 6 *
1 WALL PANEL 4  FLOORS 2.46 184 13.6 16 8 0 2 0 84
2 WALL PANEL 2 FLOORS 68 32 7 .0 232 20 24
3 FLOOR PANEL SHOD 4 0  0 230 V7.3 342o 2 0 133
4 FLOOR PANEL 2  HOD 320 is s 12.0 1890 2 0 107
5 FLOOR PANEL 2 l2 HOD 32 8 9 5 .6 2 a o IS 6
G SHAFT ELEV. BO* PANE. 4  8 2 0 0 15.0 3 5 6 2 0 16
7 STAIRS B o x  PANEL S2 2 90 18.7 2 9 6 2 0 H
6 ROOF B O X  PANEL 5 24S ie.3> 4G 2 0 2
BALCONV \NTEqR.WlTH4 s o o 12 o .e 133 — —
10 COLUMN! 2 FLOORS 16 32 2 .4 19 10 3
II C O LU M N  4  FLOORS 24 64 4 .5 57 10 4
12 r o o f  c o l u m n 8 6 o .s 2-0 10 2
13 ROOF WALL S MOD. 12 GS 4 .5 29 15 3
14 r o o f  \ajall Q h o d 12 44 3 3 2o \5 3
T O T A L \57 l 8 4oO✓ 4 00
1. AMOUNT OF ELET1 ENTS
2. C .F . PER ONE ELtM .
T O N  PER ONE ELEH
4 .  4S. e . v .
5 . T IM E  OP ERECTION PER 
O nC ELEHENT in MINUTES
6 . 3 .  ER ECTIO N  TIM E  IN H O U R S
LIST C? E12M3M7U
AUG, 1 9 7 0  O. V. LI S K A
S Q U A R E  F O O T  INDEX OF CO N CR ETE
0 . 7 4  C.F PER S<5.FOOT-FLOOR
CU&IC FOOT INDEX o f  c o n c r e t e  
0 . 0 7 4  C.F. PER ONE C.F.
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